Background and purpose: Self-monitoring of blood glucose (SMBG) is important to the management of diabetes mellitus, yet most patients with type 2 diabetes mellitus (T2DM) do not perform SMBG as recommended. The current status and influential factors of SMBG in China have not been well investigated. This study aimed to describe the present status of SMBG adherence in China and investigate the influential factors based on electronic questionnaires. Patients and methods: A cross-sectional study was conducted from June to July of 2017 at hospitals in Changsha, China. Seven hundred and twenty-one patients with T2DM completed the information-motivation-behavioral (IMB) skills questionnaire and other electronic questionnaires composed of demographic and clinical characteristics as well as diabetes-related and psychological scales. Univariate comparisons and multivariate logistic regression were used to explore the relationships among SMBG adherence and related factors. Results: Seven hundred and twenty-one patients with valid questionnaires were included. Only 27.5% (198/721) of the patients with T2DM were SMBG adherent based on the guideline of the Chinese Diabetes Society (CDS) in 2017. Among all groups of treatment regimens, the rate of SMBG adherence was highest at 36.6% (82/224) in patients on oral hypoglycaemic drugs (OHAs). In multivariable analysis, the treatment of OHAs (OR =3.731, CI 2.162-6.437) and diet/exercise (OR =3.534, CI 1.841-6.783), the patient having their own blood glucose meter (OR =6.916, CI 4.054-11.800) and a higher education level (OR =3.780,) were significantly associated with SMBG adherence. Conclusion: Most Chinese patients with T2DM did not perform SMBG as recommended. The treatment of OHAs and diet/exercise, the patient having their own blood glucose meter, a higher education level and other factors were correlates of SMBG adherence. There is clearly a need for prospective, multicenter, large-scale studies to explore the reasons for patients' failure to practice SMBG adherence.
Introduction
Diabetes mellitus (DM) is one of the most common chronic diseases and has become a major health issue globally. 1 According to the International Diabetes Federation, 1 in 11 adults in the world between the ages of 20 and 79 had suffered from diabetes by the year 2015, with the estimated number of patients with DM reaching 415 million people worldwide by the same year. 2 The type 2 diabetes mellitus (T2DM) accounted for more than 90% of patients with diabetes and was the sixth leading cause of disability in the same year. 3 The estimated number of patients with T2DM is expected to increase and would reach nearly 600 million by 2040. 4 Like the rest of the world, the prevalence rate of DM keeps increasing in China, and the estimated prevalence of DM was 10.9% in 2013 due to rapid urbanization and the aging of the Chinese population, 5, 6 which was just below the unadjusted prevalence of total diabetes (12.3%) in the population of the United States from 2011 to 2012. 7 As a disease of glucose metabolism dysfunction, T2DM poses a great threat to multi-organ systems and may lead to a series of related complications. 8, 9 The comprehensive treatment and control of T2DM in China are mainly composed of dietary restrictions, exercise, drugs and insulin therapy, diabetes education and blood glucose monitoring. 6 The self-monitoring of blood glucose (SMBG) has become an effective tool in the management of diabetes as through this practice, patients can receive their real-time blood glucose level and then adjust their diet/exercise and treatment dose. Numerous studies have demonstrated that SMBG can improve glucose control and facilitate treatment promptly in patients with type 1 diabetes or T2DM. 10, 11 However, in both developed countries and developing countries, previous studies have indicated that the rate of SMBG adherence has not reached an optimal level, reporting the rate of adherence as 52% in America, 38 .5% in Latin America, 49 .8% in United Kingdom, 59% in Jordan, 22 .6% in Cameroon and 18.98% in China. [12] [13] [14] [15] [16] [17] Several studies have shown that some factors were related to SMBG adherence, such as gender, age, education level, income, treatment regimen, the frequency of clinic visits, the duration of the diseases and the provision of glucose testing strips. 12, 13, [18] [19] [20] [21] Some studies have suggested that a higher level of education might lead to better SMBG adherence. 22 And several psychological factors, such as self-efficacy, outcome expectations, physical influence, environmental barriers and social support, have also been included to explore their association with adherence to SMBG. 17 High level of motivation was reported to enable patients with T2DM to maintain diet and perform SMBG. 23 And the information of diabetes also attaches importance to the management of this chronic disease. 24, 25 As there are various differences in society and culture among China and other countries, it is uncertain whether influential factors from foreign countries apply to China. In addition, the current status and influential factors of SMBG in China have not been well investigated as SMBG has been introduced into China just in recent years. The number of relevant studies was limited, 12 and there has been no study concerning the psychological factors of SMBG adherence. Understanding the current status and the association of factors with SMBG in China may help determine the solutions to achieving better glycemic control and decrease the burdens of chronic diseases in the future. Based on the Self-and Family Management Framework, 26 the management of chronic diseases is related to many factors, including facilitators and barriers, processes, proximal outcomes and distal outcomes, which have instructive significance for the design and process of relevant studies. Electronic questionnaires are convenient and efficient with high response rates. Therefore, using electronic questionnaires, we aimed to explore the present status of SMBG adherence in China. Additionally, this study focused on the influential factors of SMBG based on demographic and clinical characteristics and psychological factors.
Materials and methods

Study design and patients
A cross-sectional study was carried out between June and July 2017 at secondary and tertiary hospitals in Changsha, China. Hospitals in Changsha were divided into 84 secondary hospitals and 20 tertiary hospitals according to the hospital scale. And 11 public tertiary hospitals and 4 public secondary hospitals own the independent endocrinology wards. Simple random sampling by random numbers was conducted using Statistical Package for the Social Sciences (SPSS). 27 The starting point of random number were set at random via this software. Then the corresponding random numbers of 15 public hospitals were generated and then listed in an ascending sort order. The top two the random numbers were noted, and the corresponding hospitals including one secondary hospital and one tertiary hospital were selected. Three departments in each of these two hospitals were selected using the same sampling method. Patients within the three selected departments and one endocrinology ward of each of these two hospitals were included according to the following inclusive criteria: (1) the patients had been diagnosed with T2DM according to the standard World Health Organization (WHO) definition of the disease for over three months;
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(2) the patients were over the age of 18 and were capable of understanding and communicating; and (3) the patients had voluntarily joined this study with informed consent. The exclusion criteria included patients with some related complications, such as severe diabetic nephropathy, retinopathy and other diseases like low intelligence that prevented them from participating in this study. The theoretical population of this study was calculated on the basis of local patient demographics and expert opinions, using the Krejcie and Morgan formula:
As α is set to 0.05, u is equal to 1.96. P-value is the anticipated rate of patients with SMBG adherence (36.4% in this research), and d is admissible error (0.1P in this research). The theoretical population in this study totaled 671 based on the relevant parameters. Considering the possibility of dropouts during the survey, a larger sample size was designed to meet the aims of this study. Finally, 730 patients with T2DM were recruited to participate in this study and a total of 721 questionnaires were collected with a response rate of 98.8%.
Measurements
Background information
A general information sheet was used to collect demographic and health-related information, including age, gender (female/male), weight, height, marital status, education levels, occupation, personal monthly income, health insurance, smoking and drinking status, the family history of diabetes, the treatment regimen, the complications or comorbidities of diabetes and the frequency of hospitalization and physician consultation in the last year.
SMBG adherence
Adherence to SMBG was defined based on the frequency recommended in the official guideline on the prevention and control of T2DM in China, which was drafted by the Chinese Diabetes Society (CDS) in 2017. 6 According to this guideline, patients with diabetes who are undergoing lifestyle intervention are supposed to perform SMBG at least once during a certain interval of time, so as to promote lifestyle modification. Patients taking oral hypoglycaemic drugs should perform SMBG at least twice a week. Patients with T2DM requiring insulin injection ought to perform SMBG at least once per day. Patients reported the actual number of times that they performed SMBG per day and per week on the electronic questionnaires accordingly. Based on the frequency recommendations referenced above and the actual frequency reflected on the questionnaires, the patients were divided into two groups: the adherence group and the nonadherence group.
Diabetes-related and psychological scales IMB-SMBG questionnaire
The patients' information-motivation-behavioral skills (IMB) were assessed in this study to evaluate SMBG. 30, 31 The
Chinese version of the IMB-SMBG questionnaire was composed of three subscales concerning SMBG information, motivation and behavioral skills. 32 This questionnaire covered a total of 76 items, including 30 items in the information part, 25 items in the motivation part and 21 items in the behavioral part. Each item was scored from 1 to 5. A higher score represented better diabetes self-management. In the initial test, the IMB-SMBG questionnaire proved to have good reliability over 0.8 in the whole scale (0.92), and the content validity suggested a strong correlation between the items (r>0.50 for 70% of the items, P<0.001) after retesting and examining the correlations. 32 The Cronbach's α of the total IMB-SMBG questionnaire was 0.931 in this study and the Cronbach's α of the information, motivation and behavioral parts were 0.859, 0.888 and 0.878, respectively.
The center for epidemiologic studies depression scale (CES-D)
Depressive symptoms were defined using the Center for Epidemiologic Studies Depression (CES-D) Scale. 33 There were a total of 20 questions on the scale. Each question was scored from 0 to 3, and a score of 16 or above indicated the presence of depressive symptoms. A cut-off score ≥21 was set in this study based on the optimum balance between sensitivity and specificity for Chinese patients with T2DM. 34 The
Cronbach's α of CES-D in this study was 0.892.
General self-efficacy scale
In assessing the self-efficacy of patients with T2DM, the General Self-Efficacy Scale (GSES) was used. This scale was developed by Schwarzer et al. 35 There are 10 items on the GSES. The scale options were scored from 1 (totally wrong) to 4 (entirely correct). Higher scores demonstrated higher competence in dealing with the daily issues. The Cronbach's α of GSES in this study was 0.932.
Simplified coping style questionnaire
The Simplified Coping Style Questionnaire (SCSQ) developed by Yaning Xie is composed of 20 questions. 36 The questionnaire is divided into two parts, including 12 questions on the positive part and 8 questions on the negative part. Each item is rated on a 4-point scale, with the score level indicating the frequency of the related coping style. The Cronbach's α of the positive parts of the SCSQ in this study was 0.918, while that of the negative parts of the SCSQ was 0.826. The Cronbach's αs of these scales ranged from 0.826 to 0.932, which indicated the relatively high reliability of the scales used in this study.
Pain caused by SMBG and body mass index
In addition to the SMBG and body mass index (BMI), the level of pain the patients experienced in performing SMBG was evaluated by the numerical rating scale (NRS). 37 The options provided on this scale were scored between 0 and 10, with the lowest score meaning no pain and the highest score signifying the greatest possible pain. The patients' BMIs, defined as the body weight divided by the square of the body height, were calculated based on the body heights and weights given in the questionnaires. The CDS defined being overweight as having a BMI ≥24 and obesity as a BMI ≥28.
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Ethical consideration and data collection
This study was approved by the ethics committee of Xiangya Nursing School, Central South University (No. 2018012). The Declaration of Helsinki on medical protocol and ethics were followed. The investigators received grants from school administrators to collect data. The patients were aware of the objectives involved in this study and gave written informed consent before the survey. Permission to use the scales was obtained from the copyright holders by email if permission was required.
All study investigators and assistants were trained to follow the rules of the study, including for the objectives of the study, the ethical issues, the process used for the electronic questionnaires and the meaning of the items in the questionnaires. The questionnaire was uploaded to the online questionnaire website (wjx, https://www.wjx.cn/). After signing the informed consents, the patients filled out the electronic questionnaires via the online questionnaire website by using their mobile phones. During the questionnaire process, the patients were given detailed explanations by the study investigators and assistants, who were standing by the side of the room when the patients filled out the questionnaires.
Statistical analysis
The raw data collected via the online questionnaire website were first transformed into Excel files. Then the data in the Excel files were analyzed using the SPSS, version 24.0 for Windows (IBM, Armonk, New York, USA). The continuous variables were presented as the mean and standard deviation (SD), and the categorical variables were presented as the frequency and percentage. Three-phase analysis was conducted to analyze the relationship among SMBG adherence and the related factors. First, descriptive statistics on the background information and the scores on the scales were formulated to present demographic and other characteristics. Second, the univariate analyses were used to evaluate the associations between the two groups. The differences between the continuous variables were detected by an independent t-test or the Mann-Whitney U test. Comparisons of the categorical variables were analyzed by the Chi-squared test (for binomial variables) or the Cochran-Armitage trend test (for ordinal variables). Variables that were statistically significant (P<0.05) in the univariate comparisons were entered into the multivariate logistic regression. In order to decrease the probability of type I error, the Bonferroni method was introduced. 39, 40 Variables with P<0.05/n (n is the number of subgroups of this variable) in multiple comparison is considered statistically significant. Third, a multivariate logistic regression was conducted to analyze the effects of the potential variables on SMBG adherence. Logistic regression analyses were presented as odds ratios (ORs) and corresponding 95% confidence intervals (CIs). The receiver Operating Characteristic (ROC) curve was further developed to assess the potential of the final multivariable logistic regression model. Corresponding area under curve (AUC) and 95%CI were also calculated. 1,000 bootstrap samples of the whole cohort were performed to validate the final multivariable logistic regression model. Statistical significance was set at a Pvalue of <0.05.
Results
Characteristics of the samples
A total of 721 patients with valid questionnaires were included in this study. 
Clinical and demographic characteristics based on SMBG adherence
In order to explore the factors associated with adherence to SMBG, a univariate analysis of clinical and demographic characteristics was conducted based on SMBG adherence. As shown in Table 1 , demographic characteristics, including gender, occupation, medical payment method and drinking status, were significantly associated with SMBG adherence. In the subgroups of BMI, education level and per capita monthly income, multiple comparisons indicated that these three variables did not reach statistical significance. Disease-related factors, including a family history of T2DM, diabetes-related complications, the frequency of visits to community clinics per year, the frequency of hospitalization per year, the treatment regimen, whether the patient had his or her own blood glucose meter and knowledge of the recommendation on the frequency of SMBG, were also significantly associated with SMBG adherence.
Associations among SMBG adherence and psychological scales On the psychological scales, higher scores in the information part (OR =1.069, CI 1.028-1.113) and the motivation part (OR =1.071, CI 1.029-1.115) of the IMB-SMBG were associated with better SMBG adherence. As for the SMBGrelated factors, patients who had own their blood glucose meter (OR =6.916, CI 4.054-11.800) and knew the recommendation on SMBG frequency from doctors (OR =10.625, CI 5.530-20.413) tended to have better SMBG adherence. Compared with insulin injection, SMBG adherence was easier to achieve if the patients were on diet or exercise regimens (OR =3.534, CI 1.841-6.783) and on OHA prescriptions (OR =3.731, CI 2.162-6.437). ROC curve was developed to assess the potential of the final multivariable logistic regression model (Figure 1) . The ROC curve indicated optimal predictive capability (AUC =0.864, CI 0.836-0893). The final multivariable logistic model was validated via 1,000 bootstrap samples (Table S1 ). 
Discussion
SMBG is critical for the systematic management of diabetes, though the proportion of patients with SMBG adherence was relatively low. In this cross-sectional analysis, the total proportion of SMBG adherence was 27.5% (198/721) and this proportion was consistent with the results of two previous Chinese studies. 12, 41 The rate of SMBG adherence in Western countries seems comparatively higher than that in China. The crosssectional survey concerning SMBG in the United Kingdom in 2008 suggested that 49.8% (276/554) of patients followed the physician's advice. 15 And for a study on SMBG practice conducted in the United States in 2007, 42 the daily SMBG rate was about 63.4% in the patients with diabetes and close to 86.7% for patients with T2DM on insulin treatment. The difference in rate may derive from the various definitions of SMBG adherence, but there is actually an obvious gap with the developed countries in terms of achieving the recommended frequency of SMBG. The rate of SMBG adherence varied under different treatment methods. The rate of patients on diet or exercise regimens who performed SMBG according to the recommendation was the lowest in this study, compared with patients receiving other types of treatment. Patients treated by diet or exercise were usually at an early stage of diabetes and these patients just needed to perform SMBG at least once during a certain interval of time, so as to Note: *The description of patients with and without depressive symptoms was presented with the number (%). The scores of diabetes-related and psychological scales were listed and compared between population with and without SMBG adherence. Abbreviations: IMB, information-motivation-behavioral; SMBG, self-monitoring of blood glucose; CES-D, the center for epidemiologic studies depression scale; GSES, general self-efficacy scale; SCSQ, simplified coping style questionnaire; SD, standard deviation. promote lifestyle modification. 6 There is relatively less attention devoted to the diabetic condition of these patients, 43 thus accounting for the low rates of adherence in these patients. In this study, the rate of SMBG adherence in patients on OHAs was much higher than that of patients on insulin injection. However, the association between OHAs and SMBG adherence seems to be opposite in one Chinese study, in which patients under OHAs tended to be poor SMBG adherence. 18 One reason between the difference might be the different definitions of SMBG adherence. In the previous study, SMBG adherence was defined as the mean SMBG frequency in one week over 3-month period according to one guideline released in 2015, 44 while there was notable difference of the exact recommended SMBG frequency between this guideline and the latest one. Besides, the SMBG frequency was collect via a portable glucose monitoring device. The use of this device might be hard for older patients with low level education, thus leading to possible selection bias at the beginning of the previous study. The frequency of SMBG of patients with T2DM in this study, by contrast, was significantly higher in the patients treated with insulin. Previous studies have indicated the frequency of SMBG was significantly correlated with treatment regimen and the purposes of performing it, and the frequency of SMBG was much higher in patients using insulin. 13, 15, 41 Plenty of patients on insulin need to inject insulin repeatedly each day, so performing SMBG daily or before each meal could help them determine their blood-glucose level and then adjust the insulin dose accordingly. The paradox between the frequency of SMBG and the rate of SMBG adherence could be explained by the official guidelines on the prevention and control of T2DM in China provided by the CDS in 2017. 6 The high frequency of SMBG recommended by the CDS underlines the importance of SMBG for patients on insulin injection. The suboptimal adherence of SMBG also reflected low awareness of self-management in patients with T2DM. In our study, the patients who were familiar with the recommendation on SMBG frequency showed better compliance, and patients with T2DM on insulin injection are supposed to perform more SMBG to meet the frequency criterion and their medical workers need to conduct health education on SMBG. In addition, previous studies showed that after obtaining their results, most patients with T2DM tended to take no action because of a lack of health education. 45 It is the responsibility of health workers in clinics and hospitals to help patients with DM improve their ability to interpret the results after SMBG. We also found that the patients who owned a blood glucose meter tended to be SMBG adherent because owning a blood-testing device may allow patients to perform SMBG easily. Our study indicated that better adherence to SMBG was associated with the male gender, a higher education level, urban medical insurance, government/business subsidies and the frequency of clinic visits and hospitalization. Current drinkers were associated with poor SMBG adherence. The relationship between gender and SMBG adherence is contrast to one previous study. 12 The ratio of female versus male was 1.2 in this study while that was 0.84 in that study. Besides, the ratio of gender in this study is much closer to that in one authoritative research. 5 Therefore, the difference may partly come from the selection bias. Further researches concerning the gender effect on SMBG adherence are needed to confirm this result. A previous study confirmed that education level was associated with the selfmanagement of patients with diabetes. 46 Patients with a higher education level are more receptive to a doctor's recommendation and good health behavior, thus leading them to perform SMBG regularly. A study including 798 patients with T2DM conducted in Southeast China revealed that higher education was related to better glycemic control, 22 which suggested a possible correlation between SMBG and glucose control. Moreover, better adherence to SMBG was related to a higher frequency of clinic visits and hospitalization. Patients who often visited clinics paid more attention to their health issues and they could obtain the latest recommendations from the physicians that could be used in self-management later, which created a virtuous cycle. As for the patients who were often hospitalized, frequent hospitalization may push them to perform SMBG more frequently. Previous studies have indicated that occupation was significantly related to diabetes and changing psychological work conditions could decrease the risk factors of diabetes. 47, 48 Drinking alcohol was a risk factor for diabetes based on the studies conducted in Asian populations, 49, 50 and there was a negative correlation between self-efficacy and drinking behavior. 51 Current drinkers usually have a low level of self-efficacy, 52 and they tend to perform less SMBG than previous drinkers and patients who never drink. In addition, the empirical evidence has shown a positive correlation between alcohol consumption and BMI, 53 and an increased BMI may lead to worse glycemic control. In this study, the IMB-SMBG questionnaire for patients with T2DM was proven to present the current status of SMBG based on the scores. Patients with SMBG adherence tended to have higher scores in the parts on information, motivation and behavior, which suggested that this questionnaire could be applied to a comprehensive assessment of SMBG in future studies. The information and motivation part play important roles in SMBG adherence, as SMBG adherence may improve significantly with the increase of scores on these two parts. Thus, health workers should probably focus on how to increase the awareness of diabetes-related information in the population with DM and enhance their motivation.
In this analysis, the CES-D was introduced to evaluate the depressive symptoms of patients with T2DM and the cut-off point was set to 21 due to achieve a better balance. 34 Nearly 51% of patients had depressive symptoms at different degrees in our study, while merely 34% of patients had similar symptoms within a study undertaken in Germany. 54 In another study conducted among elderly patients with DM in Vietnam, 55 Medical questionnaires have been widely used in various fields and studies in medicine. For the self-management of chronic diseases, special medical questionnaires could assess the demographic and clinical characteristics, treatment outcome, quality of life and other aspects of diseases, which would provide further guidance on future self-management. With the rapid development of information and software technology, the use of smart phones and other portable mobile devices has increased dramatically in recent years. Electronic questionnaires, based on portable mobile devices and mobile applications accessed via the internet, have been proven to improve the response rate, clinical efficiency and doctor-patient communication. 58, 59 In our study, the self-designed questionnaire was uploaded to the online questionnaire website and could be filled out on smart phones via the internet. The background workstation of the website recorded and stored the questionnaire results, and then automatically calculated the scores of some items, which significantly improved their efficiency and accuracy. The range of time of filling out electronic questionnaires was relatively wide in this study. Some elders may have low-level ability of understanding, thus leading to relatively long time of filling out questionnaires. But with the help of assistants nearby, the questionnaires could be filled out truthfully. Therefore, the electronic questionnaires have extensive prospects in the assessment of chronic diseases.
Strengths and limitations
To the best of our knowledge, this is the first study conducted with electronic questionnaires concerning the current status and influential factors of SMBG adherence in Chinese patients with T2DM. This study provided up-todate and accurate data on the present status of SMBG adherence in China and identified important influential factors that could be applied and explored for further study.
However, this study had some limitations that must be mentioned. First, because of the cross-sectional design, we could not draw absolute conclusions about the causal relationships of the demographic and clinical characteristics of SMBG adherence. But the results of this study do provide some evidence and suggestions for the future study of the influential factors of SMBG. Second, most patients included in this study lived in the provincial capital, so patients in the remote areas may not have been adequately considered. Third, the data collection was self-reported, thus the data might be influenced by potential recall bias. In addition, regarding intimate issues in daily life, like income, some patients might not have answered truthfully. The sample size of this study was relatively limited and further subgroup analysis based on the treatment type need to be conducted. This study did not include an index of blood sugar, like fasting blood glucose or glycosylated hemoglobin (HbA1c), to assess glycemic control, and a future study could focus on the association between SMBG adherence and glycemic control.
Conclusions and recommendations
In summary, most of the Chinese patients with T2DM did not adhere to the SMBG frequency recommended by the CDS. In addition, this study suggested that several factors, including gender, medical fee payment methods, drinking status, the frequency of clinic visits and hospitalization, the treatment regimen, owning a blood glucose meter and knowing the recommended frequency of SMBG were associated with SMBG adherence. Our study also highlights the importance of health education, especially for patients on insulin, who often need to know their bloodglucose level and adjust their insulin dose accordingly. Based on the practical factors, patients with T2DM are encouraged to learn the recommended frequency of SMBG and use own blood glucose meter to perform SMBG. Manufacturers producing the blood glucose meter should make the device more portable and the man-machine interface friendlier. Furthermore, some applications and programs of the device need to be developed to record and analyze the blood glucose level, which is helpful to assess the history and adjust the dose of insulin.
There is clearly a need for prospective, multicenter, large-scale trials to explore the reasons for patients' failure to meet the recommended frequency of SMBG. Further studies should establish a scientific and standardized system to train investigators, collect data and analyze the results, so as to increase the efficacy and accuracy of the program.
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